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We present in this work a theoretical framework based on the tight-binding method, which is able to probe
at a local atomic level the optoelectronic response of nanomaterial systems and link it to the associated
disorder. We apply this methodology to carbon nanocomposites containing diamond nanocrystals. We find that
significant structural and topological disorder exists at the interface between the nanodiamonds and the em-
bedding amorphous carbon matrix. This can be quantitatively probed by extracting the Urbach energies from
the optical parameters. Disorder in the nanocrystals appears in their outer shell near the interface and is
manifested as bond length and angle distortions. Energetics and stability analysis show that nanodiamonds
embedded in matrices with high density and high fraction of fourfold coordinated atoms are more stable.
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I. INTRODUCTION

One of the prominent issues in the physics of nanocom-
posite and nanostructured materials is the influence of the
interfacial structure on their mechanical and optoelectronic
properties. At the interface between an embedded nanostruc-
ture and the host material, several structural modifications
take place due to size and/or chemical mismatch of the con-
stituent phases. The associated distortions and disorder may
have a substantial effect on the nanostructured material’s re-
sponse. Disorder at the interface can take various forms. It
can be structural, related to intrinsic defects (miscoordinated
atoms) and distortions in bond angles and lengths, or fopo-
logical, related to the distribution and clustering of various
kinds of bonds and hybrids.!"> For example, defects, bond
distortions, and oxygen bonds at the interface are believed to
strongly influence the gap of Si nanocrystals in amorphous
silica.3*

Probing the effects of certain interfacial elements of dis-
order, such as defects and wrong bonds, is possible through
various experimental and theoretical techniques. However,
the quantitative analysis and decomposition of the overall
interfacial disorder into contributions from the constituent
phases is a much more involved and tedious procedure. It
requires the ability to probe at a local atomic level the me-
chanical or optoelectronic response of the nanomaterial and
link it to the associated disorder.

We present in this work a theoretical framework, which is
able to achieve this goal. Methods based on empirical inter-
atomic potentials have the capability to probe locally the
structure, but are not so accurate and cannot yield optoelec-
tronic properties. First-principles methods, on the other hand,
while accurate, are computationally very demanding, and
cannot decompose locally the energy and the optical param-
eters of a system. We therefore rely on a state-of-the-art
tight-binding (TB) method which is accurate and transfer-
able, not so computationally demanding as ab initio meth-
ods, thus making the problem tractable, and which gives us
the opportunity to probe locally both the interfacial disorder
and the optical constants of a nanomaterial.
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We apply our methodology to nanodiamond carbon, a
nanostructured two-phase carbon material, denoted as
n-D/a-C, which is composed of diamond nanocrystals em-
bedded in amorphous carbon matrix.>~’ The embedding in a
rigid matrix is expected to have certain advantages, at least
for the mechanical properties. We have recently shown’ that
this nanomaterial, for high-enough density of embedded
nanodiamonds, has excellent mechanical properties exhibit-
ing improved elastic behavior over single-phase tetrahedral
amorphous carbon (ta-C),' while retaining high hardness and
fracture strength, making it highly suitable for applications in
microelectromechanical devices. Here, we focus on the op-
toelectronic properties of this material, especially on how
disorder affects these properties and in what degree nanoin-
clusions can tailor the properties of ta-C.

The essence of our approach lies in the extraction of the
absorption coefficient and the optical gaps from the calcu-
lated dielectric function of the nanomaterial, and the decom-
position of these quantities into contributions from atoms at
the interface, the core of the nanoinclusions, and the amor-
phous matrix (AM). Central to our analysis is the utilization
of the concept of Urbach energy, Ey, to probe the disorder at
the interface. E;; has been shown to be an excellent probe of
disorder in a-Si:H.® especially regarding intrinsic defects.
We show here that Ey; is as well an excellent probe of disor-
der in nanostructured carbon, providing information on de-
fects, clustered sp® and sp> atoms, and bond distortions.

The paper is organized as follows. In Sec. II, the tight-
binding method used and the methodology to extract the op-
tical parameters are described. In Sec. III, the results and the
associated discussion are given. Conclusions and prospects
for extending our approach to other carbon nanomaterials are
discussed in Sec. IV.

II. METHODOLOGY
A. Energetics, simulations, and computational cells

We treat the interatomic interactions in the nanostructured
networks using the tight-binding method. This bridges the
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gap between classical and first-principles calculations. It is
more accurate and transferable than empirical schemes be-
cause it provides a quantum-mechanical description of the
interactions. On the other hand, while less accurate than ab
initio approaches, it yields greater statistical precision and
allows the use of larger cells, which compensate in part the
sacrifice in accuracy.

In the present case, we use the environment-dependent
tight-binding (EDTB) model of Tang et al.’ This model goes
beyond the traditional two-center approximation and allows
the TB parameters to change according to the bonding envi-
ronment. Compared to the previous two-center model devel-
oped earlier by the same group,'®'? the EDTB model im-
proves accuracy and transferability. In a recent study,'? the
method was shown to successfully describe the variation in
sp® bonding with density and of the bulk modulus with sp?
fraction in a-C, through the entire range of possible densities.
It was also recently used' to study some basic optoelec-
tronic properties of a-C, i.e., the electronic density of states
(EDOS) and the complex dielectric function. The results
compared favorably with experiment.' In particular, the po-
sitions of the main peaks in the imaginary part of the dielec-
tric function due to the 7-7" transitions (at ~3 eV), due to
the o-o” transitions (at ~10 eV), as well as the shift in the
o-0* peak to higher energies with increasing sp? fraction,
were correctly reproduced. In a subsequent study,” the opti-
cal gaps, the absorption coefficient, and Urbach energies of
a-C were extracted. Having established its reliability, the
EDTB model is now applied to the more involved nanocom-
posite case.

To generate and equilibrate the nanostructured networks,
tight-binding molecular-dynamics (TBMD) simulations were
carried out in the canonical (N,V,T) ensemble, in which
equilibration of a given structure is performed under condi-
tions of constant number of atoms N, constant volume V, and
constant temperature 7 in the system. 7 is controlled via a
usual stochastic temperature control algorithm.'® The embed-
ded nanostructures are formed by initially melting crystalline
diamond structures and subsequently quenching them, while
keeping a certain number of atoms in the central region of
the cells within a spherical volume of predetermined radius
frozen in their ideal crystal positions. Melting was done at
6000 K and typical quenching durations and rates used are
40 ps and 300 K/ps, respectively. Periodic boundary condi-
tions (PBC) are applied to our cubic computational cells,
which consist of a total of 512 atoms, with the number of
atoms in the nanodiamonds ranging from 100 to 200. The
use of PBC makes the problem equivalent to simulating an
infinite array of well-ordered nanocrystals in a-C. After
quenching to 300 K, which produces amorphization of the
matrix surrounding the nanocrystals, the cells are thoroughly
relaxed with respect to atom positions and densities. Relax-
ations are particularly important at the interface region,
where the crystallites mainly adjust to the host environment.
Cells with varying coordinations (densities) of the amor-
phous matrix can be formed by appropriately choosing the
initial density (volume) of the cells. The nanocrystal size is
controlled by the number of shells kept frozen during
quenching. Finally, the cells are cooled down to 0 K where
properties are taken.
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As a benchmark, we use the properties of the Wooten-
Winer-Waire (WWW) model!” of a-C, which is a hypotheti-
cal model of “amorphous diamond” (a-D), completely tetra-
hedral and constructed from the diamond lattice by a bond-
switching mechanism. We used the 512-atom cell
constructed by Djordjevi¢, Thorpe, and Wooten.!® We re-
laxed its topology and density with the EDTB model. The
cell remains perfectly tetrahedral. The WWW model, al-
though hypothetical, is very useful because it provides an
upper bound to the density, sp* fraction, and optical gap of
a-C, and so can be compared to both the amorphous matrix
and the nanodiamonds in the nanomaterial.

B. Formalism for optical parameters and disorder

Our studies focus on the investigation of the optoelec-
tronic properties and the link to the disorder at the interface.
So, the most important ingredient in our approach is the de-
composition and analysis of the electronic and optical pa-
rameters of the system into contributions from atoms in the
amorphous matrix and the nanodiamonds, and from the vari-
ous carbon hybrids. This is achieved by analyzing the TB
wave functions and the associated optical matrix elements
into the respective contributions. The local nature of the
atomic orbitals in the expansion of the wave function allows
the identification of the contributions from individual atomic
sites.

While the extraction of the electronic structure from the
TB wave functions and eigenvalues is a straightforward pro-
cedure, it is not so for the optical properties since it involves
certain approximations. The central source of information for
the optical properties is the complex dielectric function,
€=¢€,+i6,, expressed in terms of its real and imaginary parts,
€,=n’—k* and €,=2nk, where n and k are the refractive in-
dex and the extinction coefficient, respectively.

We first calculate the imaginary part €,, which is directly
correlated with the electronic structure of the material and is
defined as

&(E) = ‘%(

2
-
o ) %I(J’IPIOI SE~E-E), (1)

where the matrix elements show the electronic transitions
from an initial occupied state to a final unoccupied state. Pis
the momentum operator, E; and Ej are the energy eigenval-
ues of the initial (valence) and final (conduction) states, E is
the photon energy, V is the volume of the cell, and the sum is
over all initial and final eigenstates. A crucial step is in the
evaluation of the momentum matrix elements {f|P|i), which
cannot be calculated directly. We bypass this obstacle by
extracting them from the position matrix elements using the
approximation'®

AfAPliy = im(E;— E)(fI7i). )

Figure 1 shows the calculated €, for diamond, comparing
favorably to experiment,' and for a-D.

As it is customary for amorphous and disordered semi-
conductors, where a true gap cannot be formally defined, the
Tauc and the E, optical gaps are used to define the mini-
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FIG. 1. Calculated imaginary part of the dielectric function of
Diamond (dark line) and amorphous diamond (gray line), compared
to an experimentally derived function (Ref. 1) for diamond (light
gray line).

mum separation between occupied and unoccupied states.
These are the optical gaps used here to also describe the
nanostructured carbon materials. The Tauc gap E7 is deter-
mined by plotting the quantity E\'e, versus photon energy E
and extrapolating the linear plots to the energy axis. This is
demonstrated for a-D in Fig. 2(a). The calculated Tauc gap is
~5 eV, compared to 5.5 eV for diamond with the EDTB
model.

On the other hand, the E, optical gap is defined as the
energy at which the absorption coefficient

o) = 248 @

nc

reaches the value 10* cm™!. This requires the knowledge of
the refractive index n. We extract n by solving the system of
equations defining €, and e,. (For this, the € is calculated
from €, through the Kramers-Kronig dispersion relation and
the extinction coefficient k is eliminated). Figure 2(b) dem-
onstrates the estimation of Ey, from a(E) for a-D. It is found
to be ~4.5 eV, somewhat lower than the Tauc gap. This is a
systematic trend in amorphous semiconductors.

To link disorder and optical parameters, we use the con-
cept of Urbach energy Ey, whose values and variations re-
flect the disorder in a network arising from both structural
and topological distortions and from defects.> Ey; is custom-
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FIG. 2. (a) Calculation (extraction) of the Tauc gap of amor-
phous diamond from the imaginary part of the dielectric function.
(b) Calculation (extraction) of the Ey, gap and the Urbach energy
Ey; of amorphous diamond from the absorption coefficient.
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TABLE I. Nanodiamond volume fraction and sp? fraction in the
embedding AM, density of AM, total energy per atom, and nano-
diamond formation energy of six representative n-D/a-C networks.

n-D V.F spiM PAM E/atom  E/atom
Network (%) (%) (g/cm?) (eV) (eV)
A 48.8 88 3.24 -7.13 0.006
B 12.0 88 3.24 -6.94 0.025
C 20.8 81 3.06 -6.96 0.040
D 8.7 71 291 -6.81 0.098
E 3.8 65 2.77 -6.73 0.146
F 6.24 51 2.58 -6.73 0.135

arily defined as the inverse of the local slope of In[a(E)] at
the Ey; photon energy, i.e., when «(E) takes the value
10> cm™1,18

= d In[a(Ey;)]

= @

So, it captures quantitatively the variations in «(E) deep
within the gap, below a(E)=10* cm™'. These variations are
associated to disorder-induced changes and to defects. Figure
2(b) demonstrates the extraction of E; from the calculated
a(E) for a-D. Its value is ~0.9, it is not zero. Taking into
account that there are no sp? sites and defects in the fully
tetrahedral network, this shows clearly that the inherent
structural disorder (distortions in bond angles and lengths,
and in dihedral angles) contributes to Ey,.

III. RESULTS AND DISCUSSION

We first begin with a description of the energetics and
microstructure of n-D/a-C networks. Structural data of six
representative networks, produced by TBMD simulations as
described in the previous section, are given in Table I. They
range in density and sp? fraction of the embedding matrix,
and in the volume fraction occupied by the nanocrystals, and
thus in their sizes. Two clear trends are extracted from these
data. The first is the well-known linear dependence between
density and sp® fraction in the amorphous matrix."'3 The
second regards the behavior of the formation energy of a
nanocrystal in the AM. This is given by

Eform=Elotu1_NaEa _NcEm (5)

where E,, is the total cohesive energy of the composite
system (amorphous matrix plus nanocrystal), E, is the cohe-
sive energy per atom of the respective crystalline phase, N, is
the number of atoms in the nanocrystal, N, is the number of
atoms in the amorphous matrix, and E, is the cohesive en-
ergy per atom of the pure, undistorted amorphous phase
(without the nanocrystal) with coordination z,,. The results
show that Ej,,, gets smaller as the matrix becomes more
dense and rigid (increasing z,,), or as the volume fraction
(size) of the nanocrystal increases. This indicates increased
stability, and it is in accord with previous Monte Carlo simu-
lations based on empirical interactions.® For example, let us
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FIG. 3. Ball-and-stick model (crossview) of a representative
nanocomposite network of 512 atoms under periodic boundary con-
ditions composed of a nanodiamond particle occupying a volume
fraction of 9% inside an a-C matrix with a density of 2.96 g cm™.
Open spheres denote atoms in the AM. Dark spheres show the
undistorted atoms in the core of the nanodiamond. Light gray
spheres denote nanodiamond atoms at the interface with distorted
geometry.

compare networks A and B: they have the same density and
sp® fraction in the matrix, but A has lower formation energy
because the nanocrystal is bigger (occupies larger volume in
the system). For such sizes and matrix properties, as in net-
work A, the formation energy of nanocrystals is very small.

Figure 3 illustrates a representative 512-atom cell in a
ball-and-stick fashion. Since we are interested in the disorder
induced by the embedding, we distinguish between those at-
oms in the nanocrystal, which retain their “crystallinity” and
those that are substantially disordered. Deviations from tet-
rahedral arrangement are detected by calculating the magni-
tude of the tetrahedral vector U,, which equals to the sum of
the vectors pointing from an atom to its nearest neighbors
and it is zero for perfect arrangement. This analysis shows
clearly that several atoms at the interface of the nanocrystal
with the matrix are subjected to deformations. This is the
result of the incompatibility of the ordered crystalline phase
inside the fully disordered amorphous matrix, which is re-
flected in both the density gradients between the two phases
and the loss of bond directionality across the interface. Our
main aim in this paper is to unravel how these local, at the
atomic level, deformations influence the optoelectronic prop-
erties.

The electronic structure of representative n-D/a-C net-
works, as described by the electronic density of states, is
shown in Fig. 4. The EDOS was extracted from the TB wave
functions and was analyzed in contributions from the atoms
in the nanocrystals and in the amorphous matrix. (The local
nature of atomic orbitals, in which the wave function is ex-
panded, permits this analysis.) It is clear from the graphs,
and rather expected, that the main contribution to the forma-
tion of the gap (absence of electronic states) and of any states
located in the gap region comes from the AM, as this has
lower energy gap than diamond due to the presence of sp?
hybrids. The shrinking of the gap region shown in the graphs
is a result of the progressive increase in sp” hybrids in the
networks, which control the gap through the separation of
-7 bonding-antibonding states. Further analysis shows
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FIG. 4. EDOS of representative nanocomposite networks with
(a) 88% and 3.24 g cm™3, (b) 71% and 2.91 gcm™, and (c) 51%
and 2.58 g cm™3 sp? fractions and densities, respectively. The dark
line shows the total function, while the gray and light gray lines
refer to the n-D and AM-projected contributions, respectively. The
Fermi level is at O eV.

that a smaller contribution to the gap states originates from
distorted sp> atoms of the nanocrystals at the interface. This
subtle effect will be analyzed in detail below.

In the next step, we calculate the dielectric function of our
nanocomposite networks. The calculated e, functions for our
representative networks are shown in Fig. 5. Again, analysis
of the total function into contributions from the atoms in the
nanocrystals and in the amorphous matrix was done. It can
be seen that the optical response of the nanocomposite sys-
tem is progressively varied, as the sp? fraction in the AM is
increased from having nearly diamondlike nature [network in
panel (a), domination of nanodiamond’s contribution] to hav-
ing nearly graphitelike nature [network in panel (c), domina-

V. vt ; .
0 5 10 15 20 25 30 35
Energy (eV)

FIG. 5. Calculated imaginary part of the dielectric function of
the representative nanocomposite networks, whose EDOS is shown
in Fig. 4. The dark line shows the total function, while the gray and
light gray lines refer to the n-D and AM-projected contributions,
respectively.
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FIG. 6. Variation in optical gaps of n-D/a-C networks as a
function of sp> fraction in the AM. Circles and squares indicate the
n-D and AM contributions, respectively. Diamonds and triangles
show the values for diamond and amorphous diamond. Filled sym-
bols are for the E(4 gaps and open symbols for the Tauc gaps. Grey
line shows for comparison the variation in optical gaps in pure a-C.

tion of the AM]. It is also clear that the energy gaps (absence
of electronic transitions at the edge of the spectra) are re-
duced as the sp? fraction increases, and that near the gap the
main contribution comes from transitions between states lo-
calized at atoms in the AM.

Following the procedure described in the previous sec-
tion, we now investigate and analyze more quantitatively and
in detail the optical gap of nanocomposite n-D/a-C by cal-
culating the Tauc and E, gaps. The variation in both gaps as
a function of sp? fraction in the AM is shown in Fig. 6. The
respective variation in the case of the single-phase amor-
phous carbon system, as calculated in Ref. 3, is also given
for comparison. The central characteristic in this variation is
that the gap is rapidly increasing when the sp? fraction ex-
ceeds 70%, which defines the region of tetrahedral amor-
phous carbon. Amorphous diamond has a gap close but
lower than diamond.

It is interesting to examine whether the existence of nano-
diamonds increases the optical gap, for a given percentage of
sp® hybrids in the AM, as compared to the single-phase
amorphous system. For this purpose, we separated the con-
tributions to the gaps from the atoms in the nanocrystals and
the AM. We clearly observe that the contribution from the
atoms in the AM follows qualitatively and quantitatively the
variation in the gap of the pure system, with a slight increase
in the tetrahedral region. On the other hand, the atoms in the
nanocrystals contribute large gap values, around 5 eV, char-
acteristic of amorphous diamond, but lower than crystalline
diamond. The lower values are found in cases where the
nanodiamonds are embedded in matrices rich in sp? hybrids.
Given that the optical gap of the nanocomposite system is
determined by the contribution of the component with the
smaller gap, we conclude that the existence of nanodiamonds
is expected to enhance the gap in cases of nanocomposites
with large densities of nanodiamonds and high fraction of
sp> hybrids in the AM.

A most interesting issue dealt with in this paper is the
association of optical properties with the disorder in the sys-
tem. This was achieved, as explained in detail in the meth-
odology section, by using the tool of Urbach energy, Ey,
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FIG. 7. Variation in the Urbach energy in n-D/a-C networks as
a function of sp? fraction in the AM. Filled circles and squares
indicate the n-D and AM contributions, respectively. Open circles
show values from core atoms in the n-D. Diamond and triangle
show the values for diamond and amorphous diamond, respectively.
Light gray line shows for comparison the variation in Urbach ener-
gies in pure a-C.

whose variations are related in general to structural and to-
pological disorders and to defects in a crystalline or amor-
phous network. The calculations of this quantity for the
nanocomposite system are summarized in Fig. 7, together
with the variation in Ey in the single-phase amorphous
system.? The important result in the case of single-phase a-C
is the nonmonotonic variation in Ey. This behavior can in
short be explained as follows: if we exclude for the moment
the contribution from defects (mainly unpaired sp? sites), the
disorder in the network is generated upon embedding “mi-
nority” configurations into a host “majority” phase. Such
configurations can be clusters or chains of sp? atoms inside
an embedding high-density phase of sp? atoms, or clusters of
sp® atoms embedded in a low-density sp”> phase. In both
cases, the incompatibility due to the substantially different
geometries, effective atomic volumes, and local electronic
structures of sp? and sp? hybrids produces disorder, which is
both topological (associated to the size distribution of chains
and clusters) and structural (associated to distortions in bond
angles and lengths). The contribution to these two forms of
disorder from the two regions, the one rich and the other
poor in sp? atoms, creates the nonmonotonic variation with a
maximum in Urbach energy somewhere in between the net-
works with high and low densities.

In the case of nanocomposite a-C, we observe a similar
nonmonotonic variation in Ey;, which comes from the atoms
in the AM, but with higher values at the maximum of the
variation and at the tetrahedral region. This indicates that
excess disorder is produced on the atoms of the AM due to
the embedding of the nanodiamonds. Somewhat smaller than
single phase, values are calculated for low-density matrices,
which can be explained by noting that the “minority” sp3
configurations in the nanocomposite are now largely clus-
tered (the nanodiamond), relieving part of the topological
disorder (smaller number of clusters) in the matrix. At the
tetrahedral region, the excess disorder in the matrix is attrib-
uted to increased clustering of sp? sites (topological disor-
der), in response to nanodiamond’s embedding, and not to
excess structural disorder, since incompatibility between the
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FIG. 8. Breakdown of the absorption coefficient (dashed gray
line) of a network with 88% sp> fraction and 3.24 g cm™ in the
AM into contributions from n-D atoms at the core (dark solid line)
and the interface (dark dashed line). For comparison, solid gray line
indicates the calculated absorption of diamond.

nanodiamond and the sp*-rich embedding matrix is low. Re-
spectively, we observe quite high values of E; contributed
by atoms in the nanocrystals. If we combine this result with
the previous finding that the optical gap of nanodiamonds is
smaller than crystalline diamond’s, we conclude that signifi-
cant disorder is produced in the nanostructures due to their
embedding in the AM. Ey; is found to be more or less con-
stant in the nanodiamonds studied, having a value around 0.6
to 0.7. It is logical to assume that the disorder originates
from the interfacial region between the crystalline and the
amorphous phases, and that there is a limit in the relaxation
of distorted geometries in this region.

In order to investigate this issue, we analyzed the Urbach
energy in the nanodiamonds into atomic contributions. This
is done by calculating separately the absorption coefficient
for atoms in the inner nucleus of the nanocrystals and for
atoms close to the interface, and extracting the respective Ey;.
The results for a(E) from a typical case are shown in Fig. 8.
It is clearly seen that the variation in the total absorption
coefficient nearly coincides with the contribution from the
atoms at the interface, while the absorption from the nucleus
of n-D approaches the absorption of crystalline diamond.
Therefore, the atoms at the interface are those which deter-
mine the Urbach energy for the whole nanocrystal. Such de-
formed atoms are the ones shown explicitly in Fig. 3. The
disorder at the interior of the nanodiamonds is very small,
since E; is on the order of 0.1 eV, and it is constant as a
function of sp> fraction in the AM.

Another issue concerns the relative contributions to Ey,
from the hybrid states in the nanocomposite system. Regard-
ing the nanodiamond component, E;; comes of course solely
from distorted sp® sites. The AM has a twofold contribution.
The major part originates from 7r-7" transitions, since Ey; in
a-C describes transitions between localized states. (It is well
established that 7 states in a-C are strongly localized).>?°
There is also a contribution from localized o states. These
originate from distorted sp* hybrids and are found to be lo-
calized at energies where the 7 and 7" peaks are located,
well inside the o-0™ gap, and thus lie at the Urbach edge.

Finally, we examined the effect of few unpaired sp? sites
in the AM component at the interfacial region on the optical
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transitions. For this, we calculated the absorption coefficient
by excluding the contribution of states localized on such de-
fects. The results show that the effect on both the E, and Ey,
is small, indicating that transitions between states localized
on unpaired sp sites or between such states and neighboring
7 and o states are negligible. This is in contrast to a-Si:H,
where the spin density due to dangling bonds is a major
factor in shaping up the Urbach edge. A similar result was
found in the case of the pure a-C system.’

IV. SUMMARY/CONCLUSIONS

We have presented in this paper a theoretical framework,
which can probe at a local atomic level the optoelectronic
response of nanomaterial systems and link it to the associ-
ated disorder. Our approach is based on accurate TBMD cal-
culations, which give us the opportunity to analyze locally
both the interfacial disorder and the optical constants of a
nanomaterial.

The method is applied to nanodiamond carbon, a nano-
structured two-phase carbon material composed of diamond
nanocrystals embedded in amorphous carbon matrix. We first
examined the structure at the interface and found in all cases
a shell of nanocrystal atoms that are substantially deformed.
The stability analysis shows that larger nanodiamonds em-
bedded in rigid matrices with high sp? fraction and density
are more stable. We then analyzed the optoelectronic proper-
ties of the nanocomposite systems. The matrix has a domi-
nant role in forming both the EDOS and the dielectric func-
tion, but with increasing sp? fraction and density
nanodiamond contributions become substantial and are ex-
pected to enhance diamondlike behavior at the highly tetra-
hedral region. The Urbach energy E; is shown to be a reli-
able probe of disorder in the system, linked directly with the
optical response, and to provide information about disorder
at the local level. Analysis of Ey into atomic contributions
confirms that much of the disorder in the nanocrystals comes
from the interface region. Defects at the interface (unpaired
sp? sites and dangling bonds) are found to contribute negli-
gibly to the optical transitions and the Urbach edge.

We are currently in the process to apply this methodology
to other nanostructured carbon systems such as ultrananoc-
rystalline diamond, embedded nanotubes, and nanofoams.
Disorder in the grain boundaries, in the former case, and at
interfaces with the embedding medium, in the latter cases,
are far from being well understood.
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